[Abstract] Mosquito-transmitted pathogens are among the leading causes of severe disease and death in humans. Components within the saliva of mosquito vectors facilitate blood feeding, modulate host responses, and allow efficient transmission of pathogens, such as Dengue, Zika, yellow fever, West Nile, Japanese encephalitis, and chikungunya viruses, as well as Plasmodium parasites, among others. Here, we describe standardized methods to assess the impact of mosquito-derived factors on immune responses and pathogenesis in mouse models of infection. This protocol includes the generation of mosquito salivary gland extracts and intradermal inoculation of mouse ears. Ultimately, the information obtained from using these techniques can help reveal fundamental mechanisms of interaction between pathogens, mosquito vectors, and the mammalian host. In addition, this protocol can help establish improved infection challenge models for pre-clinical testing of vaccines or therapeutics that take into account the natural route of transmission via mosquitoes.
mice, and cannot control for the amount of saliva delivered. To separately control for mosquito and mouse experiments, inserting the mosquito proboscis into a sucrose solution in a capillary tube can serve to collect mosquito saliva artificially. The saliva collected during sugar feeding, however, differs qualitatively from mosquito saliva that is inoculated into the host skin during natural blood feeding (Marinotti et al., 1990; Moser et al., 2015) .
Here, we describe the use of a simplified model of needle-inoculating mosquito salivary gland extract (SGE) from non-infected mosquitoes that can be delivered with a pathogen in a controlled manner at a defined dose. This method allows for independent handling of live mosquitoes and mice between collaborators and can more easily be standardized between assays and research groups. Use of SGE has proven useful to study infection with West Nile virus (Schneider et al., 2006; Moser et al., 2015) , Dengue virus (Conway et al., 2014; Schmid et al., 2016) , Rift Valley fever virus (Le Coupanec et al., 2013) , and Sindbis virus (Schneider et al., 2004) . Injection of SGE does not precisely mimic inoculation via the mosquito proboscis and likely contains non-secreted components of salivary glands.
Nevertheless, this method allows collection of higher quantities of mosquito-derived factors, contains all secreted proteins, and can also be used in in vitro assays. Overall, the procedures described here should facilitate collaboration between entomologists, immunologists, and researchers studying pathogens of interest.
Materials and Reagents
Note: For the rearing of mosquitoes and general maintenance of a mosquito colony, see Bio-protocol Kauffman et al. (2017 Because mosquitoes inoculate volumes < 5 µl while probing for blood vessels, one may choose to prepare SGE at a higher concentration (using lower volumes of PBS) for later being able to reduce the volume of intradermal inoculation.
11. Store at -20 °C until ready to prepare the SGE.
B. Preparation of SGE 1. Remove frozen glands and thaw quickly at 37 °C.
2. Add water and ice chips to the horn of the sonicator.
3. Place a microfuge tube containing salivary glands into the floating microtube rack. www.bio-protocol.org/e2407 8. Use pH strips to test pH of SGE stocks, which should be neutral pH of 7.0 due to the buffering capacity of PBS. In the case that the pH is not neutral, interpretation of the data should take this into account. On the one hand, pH may be an intrinsic property of saliva from the used vector species. On the other hand, differences in pH may change infectivity and transmission of a virus or another pathogen used in the experiments.
9. Confirm that SGE stock is free of endotoxin or contains very low levels that are well below the www.bio-protocol.org/e2407 15. Throughout the procedure, closely monitor the breathing of the anesthetized mouse. Also, monitor the mice regularly during and after waking up from anesthesia.
16. After use, clean the glass syringe by flushing several times with Bleach or other disinfectant, followed by PBS and then 70% ethanol. For reusing the glass syringes, designate one syringe per reagent (e.g., SGE alone, virus alone, SGE + virus, PBS alone) to avoid cross-contamination.
The glass syringes and needles can also be autoclaved.
Data analysis
For details on animal experiments and ethical approvals, methods used, data processing and analysis, and statistical tests that were used to generate the example data in Figure experiments. Statistically significant differences were tested between the presence and absence of SGE using the Log-rank (Mantel-Cox) test and are marked as ** for P < 0.01.
